For the first time, total phytochemical profiles of methanol crude extracts of Cuscuta reflexa grown on three different hosts, Coccinia grandis, Ficus racemosa and Samanea saman, that were cultivated in northern Thailand were examined, along with their antidiabetic and antioxidant activities. The highest level of total flavonoids (114.4 mg QE/ g extract) and total phenolic content (90.8 mg GAE/ g extract) were observed in the extract of Cu. reflexa that was grown on Co. grandis. The GC-MS results showed that various types of phenolic compounds, hydrocarbons, saturated fatty acids and methyl ester of fatty acids, unsaturated fatty acids and methyl ester of fatty acids, vitamin E, terpenes and sterol contained in the extracts of Cu. reflexa were capable of being grown on three hosts. Moreover, the HPLC results showed the presence of gallic acid, catechin, vanillic acid, rutin and quercetin in all Cu. reflexa samples. The extract of Cu. reflexa that was grown on Co. grandis represented the highest antidiabetic activity with a percent inhibition of 51.2. Moreover, the extract also possessed the greatest antioxidant activity (DPPH; IC 50 168.6 µg/mL, FRAP; 40.5 mg GAE/ g extract).
The parasitic plant, Cuscuta, is commonly used as an ingredient in functional food and in medicinal tonics as a nutrient. It is also often used in alcoholic beverages [1] . In northern Thailand, one of the most widely distributed Cuscuta plants is Cu. reflexa Roxb. This can grow on a wide variety of plant hosts including a number of perennial plants and annual crop species. Previous research reported that the chemical constituents of Cuscuta depend on the type of host [2] [3] . Various types of phenolic compounds and their glycosides, terpenes, sterols, saturated aliphatic hydrocarbon, saturated fatty acids and unsaturated fatty acids were found in Cu. reflexa [4] . The study of Perveen et al. [5] revealed that the phenolic acid and other phenolic components, such as flavonoids found in Cu. reflexa, are often extracted in higher amounts in more polar solvents. Furthermore, previous research studies indicated that the stem of Cu. reflexa possessed antibacterial, antiviral, anticancer and antioxidant activities [6] [7] . The objectives of this study were to identify the total flavonoid content (TFC) and total phenolic content (TPC), and chemical constituents in the methanol crude extracts of Cu. reflexa that were grown on three different hosts, Coccinia grandis (L.) Voigt., Ficus racemosa Linn. and Samanea saman (Jacq.) Merr., as well as to evaluate the antidiabetic and antioxidant activities of the above mentioned crude extracts.
Total flavonoid and total phenolic contents of the extracts of Cu. reflexa were evaluated, and the results are shown in Table 1 . TFC values ranged from 67.5 to 114.4 mg QE/ g extract, while the TPC values ranged from 84.4 to 90.8 mg GAE/ g extract. The highest value of TFC and TPC was exhibited in the extract of Cu. reflexa grown on Co. grandis. Anjum et al. [1] demonstrated the TFC and TPC in methanol extracts of Cuscuta sp. that were grown on 9 different hosts. The results revealed that the TFC ranged from 47.0 to 81.0 mg catechin/ g of the dry weight, while the TPC value was in the range of 39.4 to 66.2 mg/g. The phytochemicals of the all extracts of Cu. reflexa were analyzed by gas chromatography and mass-spectrometry (GC-MS). Each compound was identified based on mass spectral matching (≥ 90%) from W8N08 and Wiley7n libraries and is reported in stigmasterol, campesterol and β-amyrin, were reported in the list of chemical constituents isolated from species of Cuscuta [4, 7] . Moreover, 4-vinylphenol, which is widely used as a flavoring agent [8] , was found as the major component in the extract of Cu. reflexa grown on S. saman (18.5%). On the other hand, unsaturated fatty acids and methyl esters of fatty acids were found to be the major components of the extract of Cu. reflexa grown on F. racemosa (46.9%), Co. grandis (33.1%) and S. saman (31.6%), respectively. The essential fatty acids (linoleic acid and linolenic acid) that cannot be synthesized in the human body and must be obtained from the diet were found in the extracts of Cu. reflexa; therefore, this plant can be considered a good source of essential fatty acids. Moreover, linolenic acid has been associated with health benefits in the treatment of several diseases such as coronary artery disease and rheumatoid arthritis [9] [10] . Additionally, as shown in Table 3 , 20 phenolic compounds were identified and quantified by high performance liquid chromatography (HPLC). Gallic acid, catechin, vanillic acid, rutin and quercetin could be found in the Cu. reflexa extracts grown on Co. grandis ranging from 0.34 to 6.96 mg/ g extract of which the greatest one was rutin. The extract of Cu. reflexa that was grown on F. racemosa contained high contents of catechin (5.81 mg/ g extract), quercetin (4.53 mg/ g extract) and rutin (3.95 mg/ g extract). On the other hand, the extract of Cu. reflexa that was grown on S. saman contained lower amounts of gallic acid, catechin, vanillic acid, rutin and quercetin than when grown on the other hosts, with contents ranging from 0.34 to 1.65 mg/ g extract.
Previous studies reported that rutin and quercetin were usually found in extracts of Cuscuta species [5, 8, 11] . The results of the antidiabetic assay of the Cu. reflexa extracts (1.0 mg/mL) based on the α-glucosidase inhibition model showed that the extract of Cu. reflexa that was grown on Co. grandis exhibited the highest inhibition percentage of 51.2%, followed by F. racemosa (45.7%) and S. saman (31.2%). Previously, Rahmatullah et al. [12] investigated the hypoglycemic effects of the methanol and chloroform extracts of Cu. reflexa based on oral glucose tolerance tests. The results showed that both methanol and chloroform extracts of Cu. reflexa demonstrated significant oral hypoglycemic activity in glucose-loaded rats. Previous studies have suggested that the phenolic and flavonoid compounds that are present in plant extracts are responsible for the antidiabetic activity [13] [14] .
The methanol extracts of Cu. reflexa grown on three different hosts were also investigated for their possible antioxidant activities by DPPH free radical (DPPH  ) scavenging and ferric reducing antioxidant power (FRAP) assays, and the results are displayed in Table 4 . In the DPPH  scavenging system, the IC 50 of Cu. reflexa extracts grown on different hosts varied from 279.7 to 168.6 µg/mL. The highest activity was noticed in Cu. reflexa grown on Co. grandis, and this specimen displayed potential antioxidant activity with a statistical difference (P ˂ 0.05) when compared with the other hosts. In the FRAP system, the extract of Cu. reflexa grown on Co. grandis still possessed the highest FRAP value of 40.5 mg GAE/g dry extract), which was significantly higher than that of the extracts from the other hosts (P ˂ 0.05). Amol et al. [15] evaluated the antioxidant activities of the methanol extract of Cu. reflexa using the DPPH  scavenging and reducing power assays. The extract showed antioxidant activity with an IC 50 of 359.5 µg/mL, and also exhibited high reducing capacity in the reducing power system. Based on our results, the high phenolic and flavonoid contents of the extract of Cu. reflexa grown on Co. grandis could be responsible for its greater antioxidant activities. This finding has also been suggested in many earlier reports [16] [17] . Previous research studies have suggested that the antioxidant activity of plants extracts can be partly attributed to some constituents other than fatty acids, such as phenolic compounds and vitamin E [18] [19] . According to the GC-MS results of the extract of Cu. reflexa grown on Co. grandis, the presence of methyl ferulate and vitamin E, which are already known to possess high antioxidant activities [20] [21] , may be related to the greater antioxidant activities. Moreover, previous research reports have revealed that phenolic compounds can exhibit high antioxidant activity [22] [23] , especially rutin, catechin and quercetin, which were found in the extracts of Cu. reflexa grown on Co. grandis and F. racemosa. However, the unidentified active phenolic compounds that present in the methanol crude extracts of Cu. reflexa may also play a role in antioxidant activity. Phytochemical profiles of Cuscuta reflexa Natural Product Communications Vol. 12 (1) 2017 53 Preparation of the extracts: Ten g of dried stem material of Cu. reflexa was extracted with 100 mL of methanol, and left overnight at room temperature. The extract was sonicated using an ultrasonicator (Crest, USA) for 30 min, filtered through Whatman no. 1 filter paper and evaporated under vacuum at 40°C using a rotary evaporator until dry. The dry extracts were kept at room temperature in the dark until required.
Determination of TFC:
TFC was determined using the method of Kaewnarin et al. [24] , with slight modification. The extract (0.5 mL) was mixed with 2 mL of methanol, followed by the addition 0.15 mL of 50 g/L NaNO 2 . After 5 min, 0.15 mL of 100 g/L AlCl 3 was added and the mixture was incubated at room temperature for 15 min before the absorbance was measured at 415 nm. Quercetin solution was used as a standard for the determination and the results were expressed as mg QE/g dry extract.
GC-MS analysis:
Analysis of the extracts of Cu. reflexa grown on three different hosts was performed using a 6890 Agilent Technologies/MSD 5973 Hewlett Packard, equipped with a MS detector and an HP-5MS capillary column (bonded and cross-linked 5% phenyl-methylpolysiloxane, 30 m  0.25 µm, film thickness 0.25 µm). The injector and detector temperatures were set at 270 and 280 °C, respectively. The oven temperature was set at 80°C and held for 2 min, and then increased at a rate 10°C/min to 120°C and held for 4 min. The oven temperature was then increased at a rate 10°C/min to 155°C and held for 4 min, and then increased at a rate 5°C/min to 280°C and held for 12.50 min. The total running time was 55 min. Helium was used as carrier gas at a flow rate of 1 mL/min. The sample (1 µL) was injected in the splitless mode. GC-MS detection in an electron ionization system with an ionization energy measurement of 70 eV was used. Injector and MS transfer line temperatures were set at 270 and 290 °C, respectively. The components were identified based on a comparison of their relative retention times and the mass spectra with W8N08 and Wiley 7 th libraries data of the GC-MS system.
Determination of TPC:
TPC was estimated using the protocol of Thitilertdecha et al. [25] , with slight modification. The procedure involved combining 0.25 mL of sample with 2.5 mL deionized water and 0.5 mL of Folin-Ciocalteu reagent. After 5 min, 0.5 mL of 20%, w/v, Na 2 CO 3 was added, and the solution was incubated for 1 h at room temperature. Absorbance was then measured at 760 nm. Gallic acid solution was used as a standard for the determination and the results were expressed as mg GAE/g dry extract.
HPLC analysis:
The sample extracts were measured using an HPLC technique (Agilent 1200). An Eclipse-C 18 column was used (150 x 4.6 mm, i.d.5 µM). The flow rate was set to 0.8 mL/min. The mobile phase was 0.1% formic acid in water (solvent A) and 100% acetonitrile (solvent B). Gradient elution was performed as follows: 0-50 min, 30% B and 51-60 min, 50% B. The injection volume was 20 µL. The fingerprint profiles were recorded at an optimized wavelength of 280 nm. The quantification of gallic acid, catechin, vanillic acid, protocatechuic acid, syringic acid, caffeic acid, chlorogenic acid, sinapic acid, ferulic acid, m-coumaric acid, ocoumaric acid, ellagic acid, rosmarinic acid, rutin, myrecetin, quercetin, kaempferol, apigenin, luteolin and isorhamnetin was determined based on peak area measurements.
Antidiabetic assay: α-Glucosidase (AGH) solution was prepared from rat intestinal acetone powder by partial modification of the procedure reported by Oki et al. [26] . One hundred mg of intestinal acetone powder was added to 3 mL of 0.9% NaCl solution, homogenized by sonication and kept in an ice bath. After centrifugation at 6,000 rpm for 30 min at 4°C, the resulting supernatant was kept cold and directly subjected to inhibitory assay. The method of Adisakwattana et al. [27] was used to determine AGH inhibitory assay. The assay was defined as the percent inhibition under the assay conditions, which was calculated according to the formula:
Percent inhibition = (A o -A s / A o ) x 100
where A o is the absorbance of the control, and A s is the absorbance of the mixture containing the test compound.
Determination of antioxidant activities
DPPH  scavenging assay: The free radical scavenging ability was determined according to the method of Gülçin et al. [28] , with slight modification. 2,2-Diphenyl-1-picrylhydrazyl radical solution in ethanol (0.1 mM, 1.5 mL) was mixed with 0.5 mL of different concentrations of each extract, and methanol was used as the control. The mixtures were well shaken and kept at room temperature for 30 min in the dark. The absorbance was measured at 517 nm. The percent of DPPH  discoloration of the samples was calculated according to the formula:
Percent inhibition = (A o -A s / A o ) x 100
where A o is the absorbance of the control (containing all reagents except the test compound), and A s is the absorbance of the mixture containing the test compound. The test sample concentrations providing 50% inhibition (IC 50 ) were calculated from the plot of inhibition percentage against extract concentration values. The radical scavenging ability was presented as IC 50 values.
FRAP assay:
The FRAP assay was determined according to the protocol of Li et al. [29] , with some modification. The FRAP reagent containing 10 mM TPTZ solution in 40 mM hydrochloric acid (20 mL), 20 mM ferric (III) chloride (20 mL) and acetate buffer (5 mL, 300 mM, pH 3.6) was prepared freshly prior to being used. Different concentrations of each extract (0.1 mL) were mixed with the FRAP reagent (1.5 mL) and 1.4 mL of acetate buffer (300 mM, pH 3.6) and then incubated at room temperature for 30 min. The absorbance was measured at 593 nm. Gallic acid was used as a standard and FRAP value was calculated as the gallic acid equivalent (mg GAE/ g dry extract).
Statistical analysis:
The results of all experiments were expressed as mean ± standard deviation. Analysis of variance was performed by ANOVA procedure and Duncan's multiple comparison test was used to determine any significant differences (P ˂ 0.05) identified between treatments.
